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Carotid Endarterectomy for Prevention of Stroke
WESLEY S. MOORE, MD, Los Angeles, California

Presented at the meeting ofthe California Academy ofMedicine, San Francisco, California, September 26, 1992.

Carotid endarterectomy, a frequently performed operation, has been used as a strategy for preventing stroke in
patients with carotid bifurcation disease. The safety and efficacy of the operation were recently challenged by
a number of sources. Three major responses to this challenge were to retrospectively review the natural history
of carotid bifurcation disease compared with the immediate and long-term results of carotid endarterectomy,
to initiate 6 prospective randomized trials to determine the efficacy of carotid endarterectomy for a variety of
indications, and to develop appropriateness initiatives and guidelines for using this surgical procedure by or-
ganizations concerned with health care policy. I review the current status of these 3 areas of endeavor. In
those areas where studies are complete, carotid endarterectomy has been shown to be highly effective in re-
ducing stroke risk. Risk reduction has ranged from 660/ to 800/% compared with medical management. Based
on these sources and findings, I present a list of indications for the operation for surgeons who are able to do
the operation safely and within the guidelines established by the Stroke Council of the American Heart Asso-
ciation.
(Moore WS: Carotid endarterectomy for prevention of stroke. West J Med 1993; 159:37-43)

Stroke continues to be the third leading cause of death
in the United States each year. It also represents a

major cause of morbidity and contributes heavily to
health care costs. The current annual incidence of stroke
is about 195 per 100,000 people, and the incidence in-
creases with increasing age. Thus, in men aged 55 to 64,
the incidence is 300 per 100,000 and increases dramati-
cally in the age group 75 to 84, with an incidence of 1,440
per 100,000.1 Of the patients who survive the initial
stroke, about two thirds will be disabled to some degree.
Half of the survivors will live for about five years, and
a third of the survivors require prolonged inpatient reha-
bilitation.2

The recognition of the correlation between carotid bi-
furcation disease and ischemic hemispheric stroke from a
thromboembolic event was long in coming. Since the first
reported operation on the carotid bifurcation in 1954,
however, there has been a rapid rise in the use of carotid
endarterectomy as a strategy for stroke prevention. The
annual number of operations rose from 17,000 in 1971 to
about 100,000 in 1984.3 The enthusiasm for the surgical
procedure continued to grow until 1984 when a pivotal is-
sue of the journal Stroke appeared (volume 15, number 6)
that contained a collection of articles questioning the effi-
cacy and use of carotid endarterectomy.4 This collection
was prefaced by an editorial entitled "Carotid Endarterec-
tomy-An Expression of Concern," written by three em-
inent neurologists from Canada, the United States, and

the United Kingdom.8 This challenge attracted much at-
tention by scientists and the lay media, causing sufficient
doubt to be cast on the efficacy of this surgical procedure
and resulting in a major cutback in its use over the next
few years. In addition, and as a consequence of this
heated debate, three major endeavors were initiated.
These included a series of reports documenting the nat-
ural history of carotid bifurcation disease compared with
retrospective reviews of surgical series, looking at both
initial and long-term outcomes; a series of prospective
randomized trials that were begun or further supported;
and various interest groups getting together to develop
appropriateness initiatives or practice guidelines for the
use of carotid endarterectomy. In this report I shall dis-
cuss and analyze the results of these three major courses
of action and shall summarize the current indications for
carotid endarterectomy based on the best available data,
including prospective randomized trials and the analysis
of results by expert panels.*

Natural History Studies and
Retrospective Reviews

The early reported series of carotid endarterectomy
dealt primarily with the surgical morbidity and mortality
associated with the operation. Over time, the incidence of
death within 30 days and of perioperative stroke contin-

*See also the editorial "Carotid Endarterectomy-The Big Picture," by J. F.
Toole, MD, on pages 90-91 of this issue.
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ABBREVIATIONS USED IN TEXT
AMCC = Academic Medical Center Consortium
CASANOVA = Carotid Artery Surgery Asymptomatic

Narrowing Operation Versus Aspirin
NASCET = North American Symptomatic Carotid

Endarterectomy Trial
TIA = transient ischemic attack
VA = [Department of] Veterans Affairs

ued to decline in centers of excellence. Community-based
studies showed an alarming incidence of perioperative
death and stroke, however, when the overall experience
was surveyed in contrast to that of single institutions.69
These findings were taken into consideration by those
who were challenging the efficacy of carotid endarter-
ectomy and its widespread use. There were little data
available at that time to determine the long-term results
in patients who had undergone carotid endarterectomy.
Therefore, many institutions began a concerted effort to
look at not only the perioperative results but also the late
consequences in patients treated by carotid endarterec-
tomy with regard to the subsequent incidence of stroke as
well as survival. Obviously, if there was shortened sur-
vival among patients with carotid bifurcation disease, the
widespread application of carotid endarterectomy as a
preventive procedure may well not have an important ef-
fect for the population at risk. Finally, although there
were early natural history studies of the incidence of
stroke in various patient subgroups, the subgroup analy-
sis was poorly defined. For example, many articles dealt
with the incidence of stroke associated with transient
ischemic attacks (TIAs). Yet, the character of the TIAs
was inevitably heterogeneous, and the nature of the un-
derlying lesion with respect to the percentage of stenosis
or plaque composition was not defined.

Retrospective reviews primarily divided patient
groups by their symptomatic status and compared results
in patients without treatment, in those with the use of an-
tiplatelet drugs, and in those with carotid endarterectomy.

Territorial Transient Cerebral Ischemia
Natural history studies suggest that patients with mon-

ocular or hemispheric TIAs have a risk of stroke that
ranges from 10% to 30% within one year of the beginning
of symptoms and continues at the rate of 6% per year
thereafter, yielding an overall stroke risk of 35% to 50%
within five years of the onset of symptoms.10-1' The use of
antiplatelet drugs, particularly aspirin, has been exten-
sively studied. Aspirin therapy will lower the risk of
stroke in patients with hemispheric and monocular TIAs,
but the benefit is small. Meta-analysis of all the aspirin
trials suggests that the overall benefit of aspirin use is to
lower the stroke rate by about 15%.16 This effectively
means that if the incidence of stroke in a particular sub-
group was 10% in one year, a 15% risk reduction would
lower it to 8.5%.

Carotid endarterectomy for patients having hemi-
spheric or monocular TIAs will carry a variable operative
risk ranging from 3% to as high as 18% for neurologic

morbidity and mortality.9"7-23 The American Heart Asso-
ciation has recommended that for carotid endarterectomy
to be effective in patients who have had TIAs, the com-
bined neurologic morbidity and mortality following the
operation must not exceed 5%.24 Many centers of excel-
lence are currently achieving rates considerably less than
this. After successful carotid endarterectomy, the annual
stroke rate drops to a range of 1% to 2%.20,25-3" This is in
marked contrast to that in patients who receive medical
management alone and represents a 67% stroke risk re-
duction.

Previous Stroke With Minimal Residual Deficit
Patients who have had a previous hemispheric stroke

remain at risk for a subsequent stroke at the rate of 5% to
20% per year, with the average five-year recurrence rate
being 50%.3'3 Carotid endarterectomy for patients who
have had a previous stroke and have made a good recov-
ery carries a higher risk than that for patients who have
not yet had a stroke. The Stroke Council of the American
Heart Association has recommended that the operative
risk for patients who have had a previous stroke and have
made a good recovery should not exceed 7%.24 Once
again, centers of excellence have been able to achieve
morbidity and mortality rates of less than 5%, and many
are reporting rates of 3%. After successful carotid end-
arterectomy, the recurrent stroke rate is reduced to an
event rate of 2% per year.20'28'2935-37 In contrast, patients
who are treated medically have recurrent stroke rates
ranging from 9% to 16% per year.31-3 Therefore, at the
end of five years, an operation appears to reduce the
stroke risk by at least 66% compared with medical man-
agement alone.

Asymptomatic Carotid Stenosis
Patients who have asymptomatic stenoses with 75%

or more reduction in the diameter of the carotid bulb have
been shown to have neurologic event rates (TIA and
stroke) of 18% in one year.38 The event rate for stroke
alone is about 5% in one series but may be lower. An-
other series has shown that the risk of combined events of
TIA, stroke, or occlusion of the internal carotid artery in
patients with more than 80% diameter-reducing stenosis
is 46% within 12 months of diagnosis.39 Internal carotid
occlusion, even though it may occur without symptoms
initially, carries a risk of subsequent stroke of 5% to 10%
per year."0,4' This is of concern because once the internal
carotid artery is occluded, the opportunity to restore or
preserve patency has been lost because the internal
carotid artery is an unbranched vessel and thrombus will
propagate intracranially.

Carotid endarterectomy for patients with asymptom-
atic stenoses carries the lowest risk of any category. The
Stroke Council of the American Heart Association rec-
ommends that this operation be performed with a risk of
less than 3%.24 Our recently reported series carried a com-
bined neurologic morbidity and mortality of 1.4%.42 Fol-
lowing successful carotid endarterectomy, the risk of sub-
sequent stroke in the distribution of the treated artery

38



THEWESTERNJOURNALOFMEDICINE * JULY1993 * 159 * 1

averages 0.3% per year in cumulative series.445 The inci-
dence of stroke in our series was 0% in the distribution of
the surgically treated artery with a mean follow-up of 54
months.42

Miscellaneous Categories
A number of other subsets of patients include those

who present with global ischemic symptoms, acute
stroke, and evolving stroke. The numbers of these pa-
tients are small, and the reports at best are anecdotal.
Therefore, decisions of whether or not to offer the opera-
tion for this category of patient must be tailored for each
patient and cannot, at the present time, be definitively an-
swered from the available literature.

Prospective Randomized Trials
Although retrospective data appear to confirm the ef-

ficacy of carotid endarterectomy when compared with
medical management alone, there are many criticisms and
potential pitfalls associated with retrospective analyses
and historic controls. For this reason, prospective ran-
domized trials were initiated to evaluate the effect of
adding carotid endarterectomy to medical management
and risk factor control to determine definitively whether
or not carotid endarterectomy lowered the stroke risk in
specific subsets of patients with atherosclerotic disease
of the carotid bifurcation. There are currently six prospec-
tive randomized trials in various stages of progress or
completion. Three of these examine asymptomatic pa-
tients with hemodynamically notable stenoses of the
carotid bifurcation,46-49 and the other three examine pa-
tients with symptomatic disease.50-52 It is anticipated that
when these studies are complete and the data are ana-
lyzed, definitive answers will be established with regard
to the efficacy of carotid endarterectomy and hence the
indication for its application.

Asymptomatic Patients
Veterans Affairs (VA) Cooperative Study. The VA ini-

tiated the first of the prospective randomized trials for
asymptomatic patients. This study was begun in 1980 and
involved 11 VA Medical Centers.4647 Patients with 50%
or greater diameter-reducing stenoses and with no symp-
toms in the distribution of the study artery were prospec-
tively randomly allocated to one of two treatment groups;
the control group received aspirin antiplatelet therapy and
risk factor reduction, and the experimental group received
aspirin antiplatelet therapy, risk factor reduction, and
carotid endarterectomy. A total of 444 patients were en-
tered into the study and were observed for five to seven
years. The study was designed to test the hypothesis that
carotid endarterectomy plus aspirin antiplatelet therapy
would be more effective than antiplatelet therapy alone in
reducing the incidence of neurologic events, including
TIA and stroke. The results of the study clearly supported
the hypothesis and demonstrated that the combined inci-
dence of ipsilateral neurologic events in the surgical
group at the end of follow-up was 8.0%, in contrast to an
event rate of 20.6% in the medical group (P < .001). Be-

cause the study was designed to look at the end points of
both TIA and stroke, the sample size was adjusted for the
combined end points and was not large enough to provide
statistical power for showing a difference in the analysis
of stroke alone. Nonetheless, the ipsilateral stroke rate in
the surgical group was 4.7% compared with 9.4% in the
medical group (P < .06). When perioperative mortality
was added to stroke morbidity, the difference between the
two groups with respect to stroke failed to reach statisti-
cal significance. As a consequence, the results of this trial
will continue to be controversial. Those who favor the use
of carotid endarterectomy in asymptomatic patients as an
important method of prophylaxis will cite the positive
findings of the trial, and those who are opposed to its use
will emphasize the lack of definitive data when analyzing
stroke alone as an end point.

Carotid Artery Surgery Asymptomatic Narrowing Op-
eration Versus Aspirin (CASANOVA). The CASANOVA
study, a European trial, was designed to determine the ef-
ficacy of the operation on asymptomatic patients.49 A to-
tal of 410 patients with stenoses ranging from 50% to less
than 90% were randomly allocated to one of two groups.
The experimental group received carotid endarterectomy
plus antiplatelet drugs (n = 206), and the control group
was to have received antiplatelet drugs alone (n = 204). In
a careful review of the report, several flaws of design and
statistical analysis were revealed that seriously compro-
mise the value of the study. First, patients with stenoses
of 90% or greater, perhaps the highest risk group, were
excluded from entry into the study and were operated on
preferentially. Therefore, the opportunity to evaluate this
group and to add them to the analysis was lost. In addi-
tion, there were a number of problems associated with the
control group. A large percentage of the patients in the
control group actually received an operation, but in an
"intent-to-treat" design analysis, the result was not attrib-
uted to an operation but to medical management. Patients
in the control group receiving an operation included those
with bilateral carotid stenoses in whom the stenosis of
greater compromise was treated with carotid endarterec-
tomy and the lesser lesion was observed. Furthermore, if
a patient was allocated to medical management and dur-
ing the course of study the lesion progressed to a stenosis
of 90% or greater, the patient was switched to the group
having carotid endarterectomy. If bilateral carotid steno-
sis developed in a patient in the control group during the
course of follow-up, carotid endarterectomy was done on
one lesion if it exceeded a 50% in diameter reduction. Fi-
nally, patients who were allocated to the medical group
were switched to the group having carotid endarterec-
tomy if symptoms of transient cerebral ischemia devel-
oped. While all of these indications for an operation
would appear to be reasonable, none of the events for
which a patient allocated to the medical group was con-
verted to surgical treatment were charged as an end point
or considered a failure of therapy for purposes of statisti-
cal analysis. The result was that of the 206 who were ran-
domly assigned to medical treatment, 118 (57%) actually
underwent carotid endarterectomy but were analyzed as if
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they were treated with medical management alone. Not
surprisingly, there were no statistically significant differ-
ences between the surgical group and the group receiving
"medical management." The authors of the study erro-
neously concluded that carotid endarterectomy was not
efficacious in asymptomatic patients in preventing stroke.
A more appropriate conclusion might have been that se-
lective carotid endarterectomy offered to patients with
stenoses in excess of 90%, patients with bilateral carotid
stenoses, or patients in whom symptoms developed was
as effective as the routine application of carotid end-
arterectomy in all patients.

Asymptomatic Carotid Artery Stenosis Study. The
Asymptomatic Carotid Artery Stenosis Study is a pro-
spective randomized trial sponsored by the National In-
stitutes of Health and involving 34 centers in North
America.4" When completed, it will be the largest and
possibly the most definitive trial of carotid endarterec-
tomy in patients with asymptomatic carotid stenosis. The
study is testing the hypothesis that carotid endarter-
ectomy, when added to aspirin therapy plus risk factor
modification, will reduce the incidence of TIA and ce-
rebral infarction in patients with hemodynamically no-
table carotid stenosis when compared with patients treated
with aspirin plus risk factor modification alone. The de-
sign of the trial includes randomly allocating 1,500 pa-
tients into the two treatment arms. A five-year follow-up
will be included.

The randomizing of patients began in the spring of
1988. To date, about 1,300 patients have been randomly
allocated, and it is anticipated that the allocation will be
completed in the winter of 1993. The hope is that with
this large sample size, a definitive answer will be forth-
coming with respect not only to the combined end points
of TIA and stroke but also to stroke alone.

Symptomatic Patients
North American Symptomatic Carotid Endarterec-

tomy Trial (NASCET). The NASCET trial, a large, ambi-
tious, randomized study involving several centers in the
United States and Canada, was intended to enroll 3,000
patients who were having TIAs or stroke within 120 days
of the event, provided that they had angiographic evi-
dence of an appropriate carotid bulb stenosis ranging
from 30% to 99%. In the randomizing process, patients
were stratified into two groups based on the degree of
stenosis: 30% to 69% and 70% to 99%. These were
randomly allocated to a control group that received the
best available medical management and an experimental
group that included the best available medical manage-
ment plus carotid endarterectomy.

In February 1991 a "clinical alert" was issued by the
National Institutes of Health that patients who were in the
70%- to 99%-stenosis group did dramatically better with
carotid endarterectomy than those who were treated with
the best medical management alone. Therefore, this por-
tion of the study was stopped, and the rest of the patients
who were in the control group were advised to undergo
carotid endarterectomy. When compared with medical

therapy, surgical therapy reduced the risk of stroke by
71% and the risk of death by 58%. The conclusion was
that carotid endarterectomy was highly beneficial for
symptomatic patients with high-grade stenoses. At the
time of that review, a dramatic difference did not exist for
the subgroup of patients with stenoses in the range of
30% to 69%, and that portion of the study continues to
this date.50

European Carotid Surgery Trial. The European Ca-
rotid Surgery Trial, involving several centers, randomly
allocated 2,518 patients over a ten-year period.5' The
study patients were stratified into three groups depending
on the degree of stenosis: mild (0% to 29%), moderate
(30% to 69%), and severe (70% to 99%). At about the
same time as the clinical alert for the NASCET trial was
announced, the European study reported similar results in
the high-grade stenosis category. They also noted that pa-
tients with mild lesions appeared to derive no benefit
from the operation compared with medical management
alone. They, like the NASCET investigators, are continu-
ing to randomly allocate patients with moderate stenoses
in the range of 30% to 69%. In patients with severe steno-
sis, surgical therapy reduced the risk of subsequent ipsi-
lateral stroke by more than 80%.

Veterans Affairs Symptomatic Trial. The VA study of
symptomatic patients with high-grade stenoses was at an
early stage when the results of the NASCET study and
the European trial were reported. Because it would have
been unethical to continue to randomly allocate patients
to less effective therapy, the study was stopped. The op-
portunity was then presented to evaluate the results in 189
patients who were randomly allocated to carotid end-
arterectomy and best medical management (n = 91) and a
control group of patients who were treated with best med-
ical management alone (n = 98). After a mean follow-up
interval of only 11.9 months, there was a significant ben-
efit to patients who received carotid endarterectomy com-
pared with that to the control group. Thus, the results of
this study further corroborate the data presented by the
NASCET trial and by the European study. The VA study
also added an additional dimension, and that had to do
with patients who were having crescendo TIAs. This trial
showed that those patients were at particularly high risk
of stroke in the control group and did statistically
significantly better when treated with carotid endarter-
ectomy.52

Appropriateness Initiatives and Practice Guidelines
Because of the controversial nature of carotid end-

arterectomy and the conflicting data that had previously
been published, several organizations have taken the ini-
tiative to review the available data and publish their re-
ports concerning appropriate indications for carotid end-
arterectomy and practice guidelines. I shall highlight
three initiatives and include the Rand-Academic Medical
Center Consortium (AMCC) initiative, the publication of
a report by the Ad Hoc Committee of the Joint Council of
the Society for Vascular Surgery and the North American
Chapter of the International Society for Cardiovascular
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Surgery, and an ongoing effort by the Office of Quality
Assurance by the American Medical Association.

Rand-Academic Medical Center
Consortium Appropriateness Initiative

The Rand Corporation, a think tank located in Santa
Monica, California, reviews critical issues in many disci-
plines. Health care is one such discipline, and the utiliza-
tion of various procedures, including carotid endarterec-
tomy, has been a major focus of this organization. The
AMCC consists of a group of ten academic medical cen-
ters that work together on areas of mutual interest. In
1990 these two organizations combined efforts to evalu-
ate the appropriateness of the use of several procedures
including carotid endarterectomy. The Rand Corporation
assumed the task of developing appropriateness and ne-
cessity criteria for the use of carotid endarterectomy, and
the AMCC assumed the responsibility of using these cri-
teria in a self-audit of the practice patterns in their respec-
tive medical centers. Following the audit, key people
from each of the academic medical centers were invited
to participate in a conference to critique the Rand ratings
and to review the results of the combined audit of the hos-
pitals within the AMCC and of their individual hospitals.
The objective of this effort was to develop appropriate-
ness criteria, tested in academic medical centers, that
could then be made available to professional societies for
the development of practice guidelines.

The Rand Corporation works in the following man-
ner. The literature is reviewed, and opinions from local
experts and designated members of specific medical spe-
cialty societies are solicited. Following this, an initial set
of possible indications for carotid endarterectomy is de-
veloped. A panel of physicians with specific skills in the
area of cerebrovascular disease is selected from nomina-
tions by medical specialty societies with interest in cere-
brovascular disease.

The final panel included representation from the dis-
ciplines of neurology, vascular surgery, neurologic sur-
gery, cardiology, and neuroradiology. Each panel mem-
ber was given a copy of the literature review and a list of
the possible indications for carotid endarterectomy and
was asked to make an appropriateness rating for the oper-
ation based on a nine-point scale: A score of 9.0 would in-
dicate that the operation was highly appropriate, and a
score of 1.0 would indicate that the operation was clearly
inappropriate. The initial ratings were performed individ-
ually in confidence. The group was then convened, dis-
cussions were carried out, and a second set of ratings was
obtained. The results were then collated, and a median
score in the range of 7 to 9 indicated an appropriate indi-
cation for carotid endarterectomy, 4 to 6 designated un-
certain appropriateness (or split opinion), and 1 to 3 rep-
resented an inappropriate indication for operation. The
Rand panel went a step further and carried out a survey of
necessity ratings. In this instance, an indication for carotid
endarterectomy was not only appropriate but represented
the best form of treatment and therefore would be consid-
ered necessary. As such, failure to offer carotid end-

arterectomy would be considered inappropriate. The ini-
tial results of the literature survey, the appropriateness
ratings, and the necessity ratings have been published by
the Rand Corporation.53 Subsequent publications from the
joint Rand-AMCC effort are forthcoming.

Recommendations ofthe Joint Council ofthe
Societyfor Vascular Surgery and the
International Societyfor Cardiovascular Surgery

The Joint Council of the Society for Vascular Surgery
and the International Society for Cardiovascular Surgery
identified the need to develop guidelines for applying
carotid endarterectomy. An ad hoc committee was con-
vened, and at an initial meeting it was determined that the
committee structure should be extended to involve other
disciplines. The final committee therefore included three
vascular surgeons, two neurologists, and a neurologic sur-
geon. This group thoroughly searched the literature, con-
centrating primarily on recent publications that reviewed
the natural history of carotid artery disease, the contem-
porary risks of the operation, and the immediate and long-
term results in patients treated with carotid endarterec-
tomy. They also examined the results of prospective
randomized trials where data were available. This com-
mittee published a report that reviewed the various pre-
senting features of patients with carotid artery disease and
commented on the circumstance under which carotid end-
arterectomy was the best treatment and those conditions
that were best managed medically.5

American Medical Association Effort
The Office of Quality Assurance of the American

Medical Association looked at several surgical proce-
dures and, to address practice guidelines, mounted an ef-
fort to reach a consensus concerning their application. A
committee was developed consisting of members repre-
senting the various specialty organizations that had a spe-
cific interest in the procedures being reviewed, including
carotid endarterectomy. A subcommittee was asked to ad-
dress the issue of carotid endarterectomy and did this by
reviewing the Rand-AMCC report and comparing it with
the Joint Council's publication. This effort is still going
on and will include a comparison of ratings and a final
suggested list of indications for carotid endarterectomy.
The initial review and comparison of the two documents
yielded a high degree of concordance concerning indica-
tions for carotid endarterectomy (Matchar DB, Huesgen
CT, Moore WS, "Indications for Carotid Endarterectomy:
A Comparison of Ratings by a Multidisciplinary Expert
Panel With Recommendations from the Joint Council of
the Society for Vascular Surgery and the International So-
ciety for Cardiovascular Surgery [North American Chap-
ter]," unpublished data, March 1993). With the passage of
time and the accumulation of data, both retrospective and
prospective, the risks, benefits, and hence indications for
the application of the operation are apparently becoming
better defined and more universally accepted. Because
there was excellent concordance between these two ef-
forts, and until the recommendations are actually pub-
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lished, the readers are referred to the specific publications
that were compared.53'54

Surgery Quality Control
Carotid endarterectomy is a prophylactic operation to

prevent stroke. This is the case for both symptomatic and
asymptomatic patients. The effectiveness of the operation
will vary inversely with the morbidity and mortality re-

sulting from the operation. Thus, the lower the morbidity
and mortality, the better the benefit-to-risk ratio with
the operation compared with the natural history of the
disease.

There is considerable variation in surgical results re-

ported in the literature. Morbidity and mortality have
been reported to range from 1% to 18%.9 '7-2342 Recently a

committee of the Stroke Council of the American Heart
Association has published recommendations with regard
to the upper acceptable limits of stroke morbidity and
mortality as a function of indications for the operation.
These limits should not exceed a combined morbidity and
mortality of 3% when operating on patients with asymp-
tomatic lesions, 5% in patients who undergo the operation
for TIAs, 7% when the operation is performed for pa-
tients with a previous stroke, and 10% when the operation
is being done for recurrent carotid stenosis.24

The audit and enforcement of these limits among sur-

geons in both community and institutional practice should
have a major beneficial effect in assuring the best possi-

ble result of the operation with minimal morbidity and
mortality. The vascular surgery community has made

specific recommendations with regard to training, experi-
ence, hospital privileges, and periodic audit of those sur-

geons wishing to do vascular operations including carotid
endarterectomy.55~57

Current Indications for
Carotid Endarterectomy

From the previous discussion, it should be apparent
that judging the indications for carotid endarterectomy re-

mains fluid because several efforts at evaluation are still
in progress. Nonetheless, and based on available data, it
is possible to make some firm recommendations at this
time. These recommendations will be based on the sev-

eral units of analysis currently available and are summa-

rized in Table 1. The indications listed in the table are

based on the assumption that surgeons who do the oper-
ation can do so within the limits of morbidity and mor-

tality set by the Stroke Council of the American Heart
Association.24
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